
Liquid crystals with a twist

The type of liquid crystal that enabled 

the development of modern flat-panel 

displays was originally discovered over 130 

years ago. “Nematic” liquid crystals consist 

of rod-shaped molecules that align their 

long axes but are not fixed into lattices or 

layers. Their technological utility stems 

from their large susceptibility to electric or 

magnetic fields, light, and temperature. In 

flat-screen displays, for example, electric 

fields reorient the molecules to block light 

or let it pass.

In 2011, scientists identified an 

intriguing new subgroup of the nematic 

phase: the twist–bend nematic, in which 

bent molecules form a twisting, helical 

nanostructure in the liquid crystal. If the 

bent molecules consist of a number of 

identical rod-shaped subunits (monomers) 

connected by bendable linkers, their 

inherent flexibility could have profound 

effects on the overall behavior of the liquid 

crystal. Despite many studies about the 

twist–bend nematic phase, there are still 

many unknowns about the nature of its 

nanoscale organization and behavior.

Trimers and dimers

In this work, a group of researchers 

wanted to find out how increasing the 

number of monomers in a molecule that 

forms the twist–bend phase influences  

the properties of its nanoscale helix. For 

example, how does having three mono-

mers as opposed to two (i.e., trimers vs 

dimers) affect the liquid crystal’s helical 

pitch—the distance to complete one turn? 

To address such questions, the 

researchers synthesized a trimer 

(CB6OBO6CB) based on an analogous, 

previously studied dimer (CB6OCB). They 

then compared the results of a number of 

nanoscale characterization techniques, 

including resonant soft x-ray scattering 

(RSoXS) and wide-angle x-ray scattering 

(WAXS) at the ALS.

Probing changes in pitch  
and phase

At ALS Beamline 11.0.1.2, the sensi-

tivity of the RSoXS technique to molecular 

bond orientations at the carbon K-edge 

provided a direct measure of helicity in the 

twist–bend nematic phase. In addition, 

WAXS experiments at Beamline 7.3.3 

enabled the researchers to probe 

Scientific 
Achievement
At the Advanced Light Source (ALS), 
researchers untangled connections 
between structure and behavior in  
a class of liquid crystals consisting  
of flexible, chain-like molecules that 
self-organize into twisting patterns.

Significance  
and Impact
The study opens up new possibilities 
for designing novel liquid-crystal 
molecules that allow greater control 
of nanoscale behavior for technolog-
ical applications.

Based on experimental results, researchers were able to develop detailed geometric models of 

twist–bend liquid crystals having (a) two molecules linked together (dimers) and (b) three molecules 

linked together (trimers).

Linking Structure to Behavior  
in Twisted Liquid Crystals
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electron-density modulations in the 

samples, and thus were a powerful tool  

for studying phase transitions between the 

liquid, liquid-crystal, and crystalline phases. 

On a microscopic scale, the twist–

bend phases of the dimer and trimer 

appear essentially identical. However, the 

results showed that the dimer’s helical 

pitch increased from 100 to 170 Å upon 

heating, while the trimer’s pitch remained 

essentially constant at 66 Å. This value  

is also significantly shorter than those 

reported for other twist–bend materials  

in the literature. 

A model of interlocking  
helical chains

The researchers attributed the differ-

ences to a combination of the trimer’s 

intrinsic bend configuration and a good 

intercalating fit between trimers over  

a significant fraction (two-thirds) of their 

length. Based on the results, the group 

developed a model of these materials with 

fully determined geometric parameters.

The work advances the possibility of 

designing liquid crystals for applications in 

which a fixed pitch over a wide tempera-

ture range is preferred, such as nanotem-

plating or chiral separation techniques.  

It also opens up a rich phase space of 

possible molecular design motifs for the 

twist–bend phase by not only varying the 

chemical makeup and number of mono-

mers, but also by varying the physical 

dimensions and orientations of the  

monomers, to yield further exciting  

material properties. 
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(a) RSoXS data for the dimer (CB6OCB) shows that a scattering peak (light blue curve) appears at  

T = 108 °C; at that temperature, the helical pitch d (right axis) is ~170 Å. The curved contour reflects 

the variation of the helical pitch with temperature. TB = twist–bend phase; N = nematic phase.  

(b) In the data for the trimer (CB6OBO6CB), the scattering peak reflects a helical pitch of 66–67 Å 

from T = 110–130 °C. The nearly horizontal, flat contour indicates that the trimer’s pitch is not  

significantly affected by temperature. (c) Molecular structures of dimer and trimer. (d-e) Polarized-

light microscopy image of the trimer in the (d) nematic phase and (e) the twist–bend phase.


